Abstract-In this paper, one linear tapered slot antenna (LTSA), backed with an air cavity, is proposed and fabricated on low temperature cofired ceramic (LTCC) substrate. Conventionally, when LTSA is designed on LTCC board, due to its high dielectric constant and thickness, the gain and radiation property is degraded seriously. Therefore in this paper, by adopting air cavity in the back side of LTCC substrate, high gain and good endfire radiation pattern can be obtained. Especially, this antenna has broad bandwidth (about from 45 GHz to 75 GHz) and high gain (4.9 -6.9 dB) property. This antenna can be used for a variety of millimeter-wave applications, due to its easy integrability with 3D LTCC modules.
L Introduction
In these days, millimeter-wave electronics for commercial applications, such as shortrange broadband wireless communications, automotive collision avoidance radars and local cellular radio network (LCRN) require low fabrication cost, excellent performance, and high level of integration. To satisfy these properties, low temperature cofired ceramic (LTCC) technology has been studied by many researchers. [1] [2] However, in the view point of the antenna, the high dielectric constant of the LTCC material causes serious problems to the design of antennas with high gain and good radiation pattern, especially, for endfire antenna. There are several types of the end-fire case, such as hom waveguide antenna, Yagi antenna and linear tapered slot antenna (LTSA). Among them, the linear tapered slot antenna [3]-[51 is a good candidate for LTCC design, for reasons such as easy fabrication, broad bandwidth, and easy integration. There are numerous variations of LTSA, such as Vivaldi, exponential and constant width, depending on the aperture shape of antenna. All of these types aim to improve beam width property, broaden the bandwidth, and achieve good matching [6] .
In this paper, LTSA is designed and fabricated by using LTCC process for millimeterwave applications. Usually, antennas on high dielectric substrate have problems, such as lower gain and distorted radiation pattern due to high quality factor of antenna. To alleviate this effect, several methods have been proposed to lower the high dielectric constant, such as material modulation [7] [81 or photonic band gap (PBG) [9] . Due to the high dielectric constant and thickness of LTCC (the permittivity 5.4 and thickness 900 um), an air cavity is used to achieve broadband performance and lower the effective dielectric constant. The effective thickness for good performance is given as 0.005 A{ < effective thickness < 0.03 Xo [7] .
II.LTSA with air cavity back In this paper, an LTSA backed with an air cavity is proposed and its characteristics are investigated by using numerical and experimental method. All LTCC boards consist of 9 layers and the thickness of each layer (the pernittivity 5.4) is 100 um. Therefore, the total 0-7803-8883-6/05/$20.00 ©2005 IEEE thickness of this LTCC board is 900 um. The proposed antenna is consisted by 3 major parts, radiation, feeding structure, and air-cavity as shown in Fig. 1 . The radiation part is located in 2nd layer and its shape is linear type slot. The feeding structure is a microstrip to slotline transition and no additional matching circuit is required. An air cavity is located on the bottom layers of the LTCC board and the physical size is 5mm x 2.5mm. All configuration and physical dimensions of structure also can be shown in Fig. 1 (a) .
III. Simulation and Experimental Results
The characteristics of proposed antenna are investigated by using numerical tool, HFSS and experiments. Fig.1 (b) shows the fabricated antenna and Fig.2 . displays the return loss performance of the antenna from 35 GHz to 85 GHz. It can be seen that the S 1I bandwidth of this antenna is 32 GHz (43 GHz-75 GHz) for VSWR 2:1. The simulation and measurement results show good agreement. Although, the impedance bandwidth is wider than 32 GHz as shown in Fig.3 , the effective radiation bandwidth is approximately 30 GHz, because the radiation pattern is distorted at frequencies higher than 75 GHz. Fig.3 shows the simulated radiation pattem of the proposed antenna for 45 GHz and 70 GHz. These 2D patterns are XY cut (azimuth plane) and demonstrate that this antenna has a satisfactory end-fire pattern property throughout the whole frequency range of operation. Additionally, the gain of this antenna ranges from 4.9 dB at the edges (45GHz and 75 GHz) to 6.9 dB around the center frequency of 60 GHz.
IV. Conclusions
In this paper, an LTSA backed with air cavity is proposed in LTCC technology and its characteristics are investigated up to 85 GHz. From simulation and measurement results, it is found that the proposed antenna has a broad bandwidth (> 30 GHz) and efficient end fire radiation pattern. Therefore this antenna can be used for a variety of millimeter wave applications, since it can be easily integrated with 3D LTCC modules. 
